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INTRODUCTION
Studies on developmental mutants of D. melanogaster have identified three groups of genes controlling body plan formation (1) (2) (3) : (a) maternal-effect genes, which dictate the structure and the spatial coordinates of the egg, (b) segmentation genes, which determine the number and polarity of body segments and (c) homeotic genes, which specify the identity of each segment. Many of these genes code for transcription factors containing a homeodomain, the DNA-binding domain encoded by the homeobox (4) (5) (6) . Homeodomains encoded by fly genes belong to at least seven classes according to their primary sequence (7) : the Antennapedia (Antp), bicoid (bcd), caudal (cad), engrailed (en), even-skipped (eve), muscle segment (msh) and paired (prd) type homeodomains (7, 8) .
It is now well established that genes containing homeobox sequences encode nuclear proteins with regulatory functions in EMBL accession no. X60655 a wide variety of organisms, from yeast to man (9) (10) (11) (12) (13) . In particular, murine homologs of all Drosophila homeodomain classes have been described, with the exception of the bcd type (7) . Class I homeoboxes are defined as those encoding homeodomains most closely related to the Antp homeodomain. In Drosophila, homeotic genes containing a class I homeobox are clustered in two complex loci, the Antennapedia-complex (ANT-C) and the bithorax-complex (BX-C) (14) and there is a correlation between the physical order of these genes within the complexes and their expression along the antero-posterior body axis (1) . Mouse (15, 16) and human (17) (18) (19) class I homeobox genes appear to be clustered in a similar way in restricted genomic regions (HOX loci) of at least four chromosomes. These HOX loci appear to be homologous to each other and to the Drosophila homeotic gene complexes. Moreover, homeobox genes in the four HOX loci display a similar correlation between their position in the cluster and the relative expression along the antero-posterior axis in the neuroectoderm and mesoderm. In fact, they are expressed along the embryonic antero-posterior axis following a 5 '-posterior/3'-anterior rule, even if their expression domains largely overlap (15, 16) .
We previously reported the isolation of 38 human HOX homeoboxes (18) (19) (20) clustered in four HOX loci. 11 homeobox genes are located at HOX1 on chromosome 7 and 9 homeobox genes belong to HOX2, HOX3 and HOX4 on chromosome 17, 12 and 2, respectively.
The isolation of two murine genes, Evx I and Evx 2, has recently been reported (21) . These genes contain a homeobox related to that present in a fly segmentation gene, namely eve (22) . The Evx I expression pattern during mouse embryogenesis has been shown to be consistent with a role in establishing the antero-posterior axis. We previously reported the isolation and mapping of EVX2, the human homolog of Evx 2 (23) and showed that it is located at the 5' end of HOX4 on chromosome 2 even if with a trascriptional orientation which is opposite to that of the genes of the HOX4 cluster. Southern blot analysis on human DNA using EVX2 as a probe provided evidence for the presence * To whom correspondence should be addressed of a second homologous gene. We now report the isolation of EVX1, the human homolog of Evx 1. We show that also this second EVX gene is tightly linked to a HOX locus in a similar arrangement. It maps at the 5' end of HOX 1 on chromosome 7.
MATERIALS AND METHODS
Genomic and cDNA clones Human genomic libraries in pcos2EMBL cosmid vector and in EMBL3 phage derivative were screened as previously reported (18) . We previously published genomic maps of the four HOX loci (18, 20 Prehybridization and hybridization were carried out as described elsewhere (20) . After a washing under stringent conditions (15mM NaCl/ 1.5 mM sodium citrate (1 x SSC), 0. 1% sodium dodecyl sulfate (SDS) at 650C), the blots were exposed for 1 -7 days at -70°C to Kodak XR-5 films in an X-omatic intensifying screen cassette. For RNase protection analysis, a 418 bp Not I DNA fragment including the 3' half of the EVX2 homeobox was subcloned in a pGEM3 vector (Promega Biotec). An antisense strand RNA probe was synthesized with SP6 polymerase and hybridized to 15 ,ug RNA at appropriate temperature. RNase digestion and electrophoresis on 7 % urea-polyacrilamide gels were as described previously (28). 
RESULTS AND DISCUSSION
Isolation of EVX1 We screened at low stringency a human genomic library in EMBL3 phage derivative with EVX2 sequences. Restriction analysis of positive clones revealed that one of these, EV1, did not contain EVX2 sequences. Subcloning and sequencing showed that it actually contained sequences different from EVX2 and closely related to the murine Evx I reported sequences (21) . Terminal sequences of the genomic DNA fragment present in EV 1 were used to screen a cosmid library and several positive clones were found. Among these one, GV6, was found to have sequences in common with E143, the cosmid clone already known to contain the HOX lJ homeobox (18) . The overlapping of the three genomic clones was subsequently confirmed by sequencing and Southern analyis of human genomic DNA. The EVX1 homeobox lies about 48 kb upstream from the HOXIJ homeobox but in an opposite orientation (Fig. 1 A) . The paralogous EVX2 genomic region has been shown to be particularly GC-rich (23) . Fig. IA shows the location of nonmethylated Not I sites in the EVX1 genomic region analysed.
These sites belong to CpG rich regions (29) consistently hupomethylated in several tissues (not shown). The entire EVX 1 region appears to be unusually GC-rich. prepared from human fetal brain. One clone of 2.5 kb was selected for further analysis. This cDNA clone does not contain a poly-A tail and appears to include the entire coding region. Comparison of this cDNA to cloned genomic sequences revealed that the coding region is comprised of three exons (Fig. iB) . A first intron, approximately 1500 bp long, is located 120 bp upstream from the homeobox whereas a second intron of 578 bp occurs in the homeobox itself at the same relative position of EVX2 (23), Evx I and Evx 2 (21) .
The nucleotide sequence of the EVX1 cDNA clone together with its conceptual translation is shown in Fig. 2 . The longest open reading frame codes for a protein of 407 amino acid residues, 9 residues shorter than the murine homolog. These 9 residues appear to be all alanine residues present in Evx I in 2 clusters of 5 and 3 residues in a row in addition to an isolated occurrence (21 (21) and EVX1 (23) . The ,u-helix domains (6) are indicated.
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homeodomain (30), the murine Evx I and Evx 2 (21) and the human EVX2 homeodomains (23) (Fig. 3) . EVX1 and Evx I homeodomains are identical, both differing from the Evx I and EVX1 homeodomains at the first position (Fig. 3) . All four homeoboxes are interrupted by an intron within the recognition helix of the encoded homeodomain between amino acid positions 46 and 47 as is the case for Xhox-3 (Fig. 3) .
Southern blot analysis of human DNA using EVX 1 and EVX2 sequences does not seem to suggest the presence of additional related sequences. Hybridisation under relaxed conditions consistently detects only the restriction bands corresponding to these two genes (not shown). Nonetheless, it seems interesting to look for related EVX genes in order to accertain, in particular, whether they map at other HOX loci.
Expression of EVX1 sequences Evx I is expressed in the mouse teratocarcinoma F9 cell system, which is believed to represent a good model system for early embryonic development (21) . An Evx I transcript was detected in undifferentiated F9 stem cells and disappears upon differentiation into parietal endoderm cells after administration of retinoic acid. We analysed EVX 1 expression in human teratocarcinoma cells of line N-TERA2, clone D (NT2/D1)(25,26,31). Northern blot analysis failed to detect EVXl expression in NT2/D1 cells whether undifferentiated or cultured for 14 days in 10 zM retinoic acid (data not shown).
Hence, EVX1 appears not to be regulated in these cells like Evx I in F9 cells. On the other hand, Evx I is not expressed in P19 stem cells (21) , suggesting that its expression could be confined to certain lines of teratocarcinoma cells.
We further investigated EVX1 expression in NT2/D1 cells using the RNase protection technique (Fig. 4) (Fig. 4) .
The murine homolog, Evx 1, is expressed during early embryogenesis of the mouse in a biphasic manner (21) . From day 7 to 9 of development its expression emerges at the posterior end of the embryo within the primitive ectoderm, and later in the mesoderm and neuroectoderm. From day 10 to 12.5, Evx I transcripts are restrcted to specific cells within the neural tube and hindbrain along their entire lenghts, while no expression is detectable in a variety of adult tissues.
We analysed EVX 1 expression in human 7-week embryos by Northern blot hybridization of polyadenylated RNA. A 3 kb transcript is detectable in the central nervous system (Fig. 4) whereas we failed to detect expression in other embryonic tissues and organs (not shown). This observation is in agreement with the expression data in the mouse where Northern blot analysis detects extremely weak signals and in situ hybridizations reveal restricted expression domains (21) 
CONCLUSIONS
We previously reported that EVX2, a human eve-related homeobox gene, is localized at the 5' end of the HOX4 locus on chromosome 2 (23) . We now show that EVX1, a second everelated human gene, is localized at the 5' end of the HOX 1 locus on chromosome 7. Both genes are transcribed in an opposite orientation as compared to that of linked HOX genes.
Mammalian HOX loci arose as duplications of an ancestral complex locus and have been shown to be true homologs of the Drosophila homeotic gene complexes (32). Some of the various paralogy groups were already distinct when lineages leading to insects and vertebrates diverged even if the evolutionary position of 5' genes of the first four groups is still unclear (18) . In fact, it is not known whether they were already present in the ancestral locus predating the divergence between insects and vertebrates or, alternatively, they have arisen specifically in the lineage leading to vertebrates. Isolation and mapping of EVX genes poses new questions. Eve is not linked to Drosophila homeotic genes located at the BX-C or ANT-C, whereas EVX1 maps at the HOX I locus and EVX2 maps at the HOX4 locus. This observation suggests the occurrence of large-scale duplication of clusters of highly conserved genes before the divergence of insects and vertebrates. An obvious corollary might be that the ancestral cluster included more developmental genes than previously believed.
Mammalian genes located to the 3' end of HOX loci and their fly homologs are expressed in anterior regions whereas genes located upstream are expressed in more and more posterior regions. Evx I is expressed in mouse embryos according to an early pattern (21) compatible with a role in specifying positional information along the embryonic axis similar to that played in r', frogs by Xhox-3 (30,33). Evx I expression originates at the posterior end of the gastrulating embryo in the region of the posterior to mid primitive streak in both ectoderm and mesoderm. Over the following stages the domain of expression expands in the mesoderm and to the overlying ectoderm but remains restricted to the posterior portion of the fetus (21) . Such an expression pattern is compatible with a localization of Evx 1 and EVX1 at the 5' end of a HOX locus. The significance of this conserved genomic organization remains unclear especially because EVX genes and HOX genes appear to be transcribed in opposite orientation. The presence of CpG rich regions between EVX1 and HOX1J (Fig. IA) and between EVX2 and HOX4I (23) suggests separated, though not necessarily independent, regulatory mechanisms for these transcription units. Further studies in different species are clearly required to assess the evolutionary position of eve-related genes with regard to HOX gene complexes. 
